Abstract: Numerous constraints affect the design of long linear infrastructures such as high-voltage transmission lines (HVTL): terrain slope, distances to urban centers or protected areas, stakeholders, administration, etc. These constraints must be studied as a whole to make the most appropriate decisions. In HVTL project development, a large volume of geodata is generated and analyzed in the project lifecycle. Each geodata scale is associated with a phase of the project and scale transitions correspond to changes in involved technical teams. Geodesign provides design frameworks and supporting technologies, so that professionals can share data and find designs suitable to the sustainability characteristics of each territory. This article proposes a geodesign workflow for developing HVTL projects, supported by methodologies and by automated model executions that guarantee the traceability of its development through the lifecycle stages. The aim is to minimize environmental, social, and local impacts, while providing stakeholders with tools for planning and decision-making. The workflow helps to integrate the geodesign's principles, harmonizing corporate procedures throughout the project phases, taking into consideration constraints notified by stakeholders, through a design process guided by feedback-iterationconsensus mechanisms. As a result, it produces a transparent, visible, and improved participative workflow for developing new electric infrastructures.
Introduction
Modern societies rely on the supply of electric power as it, "plays a prominent role in maintaining the standard of living" [1] . As electricity is the engine of growth for any developing country, it is, in fact, impossible to sustain any sort of significant economic activity without an adequate and reliable power supply. The role of the electric power industry is key, as it helps make other economic sectors more competitive and meets the specific challenges posed by supply, provision of services, and production, which are important sectors themselves. Electric power is generally considered dynamizing factor for the entire economy and its infrastructures, and it is therefore assumed that its growth should be unimpeded [2] . To this end, and with these premises in mind, the inalienable objective of governmental energy policies should be to ensure that power is supplied in optimal conditions as far as safety, quality, and price.
Red Eléctrica de España (REE) [3] , founded in the application of Law 49/1984 on 26 December 1985, was the first company in the world dedicated exclusively to transporting electric power and operating the electrical system.
• Proposing a methodological approach to using a geodesign workflow for HVTL projects.
• Presenting a corporate standardization of geospatial information in HVTL project design that facilitates the traceability of GI in each project.
•
Consolidating the concept of geodesign in REE for projects with a strong territorial component.
Progressively implementing and consolidating collaborative and PSS tools in the GeoRED corporate GIS.
The following sections of the paper focus, on the one hand, on the background and works related to the concept of geodesign-evincing the fact that technological development has favored the consolidation of geodata as a tool for territorial organization-and, on the other hand, on the methodologically outlined in the proposal for this research project, which focuses in detail on the particularities of each phase of REE's new HVTL projects. By automating the various processes, the proposed geodesign workflow applies the GI workflow to an HVTL project from its governmental approval to its construction. This second part is composed of three chapters: the methodological approach that describes the proposed workflow; the workflow implementation with an explanation of how the workflow was implemented and discussed, and finally, the conclusions of the paper.
Background and Related Works
The introduction presents an approach to the concept of geodesign based on the contributions and clarifications proposed with regards to the concept by various authors over time [4] [5] [6] 8, 9] .
As far back as 1969, Steinitz and Rogers [11] managed to synthesize the approaches of four specialties-landscape architecture, engineering, urban planning, and regional and urban design-into a coherent planning model. Although the planning and the set of tools to help implement it (PSS-planning support systems), adopting the best spatial decisions (DSS-decision support systems), and getting more groups to participate in decision-making (public participatory support systems) have been used and are mentioned in the literature.
From the "PSS" perspective, authors such as Harris [12] , Vonk et al. [13] , Kumar et al. [2] , and Geertman and Stillwell [14] have analyzed the various methodologies used in computerized spatial and landscape planning, and presented the barriers to its widespread use. Steinitz [15] , Abukhater and Walker [16] emphasize the need for geoscientists and design professionals to collaborate and work together: designing. They also further explored the concept of "planning with people and not just for people", in all its various nuances. Aditya [17] defines the collaboration concept as a participatory geographic information system that can be used to make decisions. For authors such as Hanzl [18] and Kubicek [19] , PSS is a general concept that describes software that supports urban planning, and they stress that PPGIS tools allow groups that could not participate in planning before the chance to do so thanks to the use of software and plugins that do not require costly licenses. Along this line, the evolution of desktop GIS-with costly licenses that, for this reason, may even be considered elitist [20] -towards web environments with map viewers both in two dimensions (2D) and in 3D, or Web-GIS analysis tools, etc. make it easier for people who are not specialized in the field, such as lawyers, politicians or citizens in general, to interpret planning [18] .
This has coincided in time with a change of paradigm in planning processes motivated by society itself; whereas planning was once carried out by professionals with an inflexible structure, it is now a process of collective negotiation [21] . This change has resulted in the need to integrate new planning tools that facilitate communication and the sharing of information, guidelines, and ideas that intervene in these processes. All of this, without claiming to be exhaustive, constitutes part of the foundations of geodesign. Simultaneously, in the field of geoscience there is a bifurcation of the discipline of geovisualization and visual analytics that, together with DSS, defines the sub-discipline known as geovisual analytics for spatial decision support [22] . However, the field of geovisualization is not only related to planning, it is also a useful tool to help groups that are less specialized in planning to participate in decision-making.
Geovisualization thus converges with the concept of geodesign, which is materialized in advanced computer applications that provide support for more advanced planning and require the exhaustive collaboration of stakeholders. From this point of view, some authors, such as Flaxman [23] , define geovisualization as a series of technologies and techniques that can be used to plan natural and built environments as part of a comprehensive process that includes conceptualization, analysis, design specification, stakeholder participation and collaboration, design creation, simulation and evaluation (among other stages); Dangermond [24] synthesized this by affirming that geovisualization makes it possible to include geographic analysis in the design process, supporting the vision expounded by McHarg [25] , who defines the fields of landscape architecture, urban and spatial planning, and ecodesign, providing professionals involved in design with methodologies that help to exploit GI within their design workflows, thanks to the growth in GIS technologies. Complementing the DSS perspective, geodesign can be understood in a broader or stricter sense. In the first case, geodesign is conceived as a process for generating solutions to geospatial problems that, at various stages of the process, includes activities associated with design and decision-making. In a stricter sense, geodesign is specifically focused on the design stage, including creative design tasks (such as drawing), and on their corresponding methods and technologies for obtaining feedback to enable quick iterations and modifications in the design. A similar approach was taken by Flaxman [23] : "GeoDesign is a design and planning method which tightly couples the creation of design proposals with impact simulations informed by geographic contexts", and by Ervin [26] , for whom geodesign applies modern technologies that facilitate information, communication, and collaboration in order to enhance conventional environmental planning and design activities, offering impact analysis and simulations on demand in order to provide a more responsible and effectively integrating social values and scientific knowledge in the process of designing future alternative scenarios. However, when it comes to formalizing the role of geodesign Artz [27] , Ball [28] , and Dangermond [29] , do not regard it simply as a theoretical concept but also as a practical method for measuring, modeling, interpreting, creating, and influencing decisions about activities such as agriculture, urban planning, and other disciplines.
With regards to geodesign models, Steinitz [15] proposed a (possibly visionary) generic framework, as an evolution of the concept of landscape design framework models developed in the book Alternative Futures for Changing Landscapes [30] , for design projects that require iteration, feedback and collaboration. Steinitz's framework is helpful in preparing studies that can be applied using different scales, ranging from the regional to the local, and introduces integrated collaboration as well as the participatory aspect. As a summary of this review of related works, and having identified paradigms, proposals, and models, the convergence and/or evolution of DSS, PSS, PGIS and PPGIS initiatives proposed by Steinitz [15] with regards to the concept of geodesign and the proposed methodology, or the geodesign framework, is also worth noting as a point of reference in this field.
Steinitz's [15] methodology is based on a set of interrelated models, so that the design team takes a structured approach that is driven by decision-making and is different from typical design processes. In addition to this unique way of structuring the process before implementing it, after analyzing the geodesign process, it is evident that there are two more crucial components: digital technologies and collaborators.
Foster [31] compares the geodesign process with accepted design theories and proposes "creative problem-solving processes; design processes". This work presents many similarities with five of the design processes studied [32] [33] [34] [35] [36] [37] . However, for Foster [31] there is one vital difference that makes the geodesign process exceptional. This difference stems from the fact that the geodesign process is based on decision-making and carefully structured to facilitate its effective execution. Along with this unique structuring of the process before its implementation, an analysis of the geodesign process reveals two other essential components: collaboration and digital technologies.
There are increasingly more examples associated with regional, urban, and landscape planning. The geodesign framework proposed by Steinitz [15] was also applied in a lot of cases [4, 38, 39] . In one of these cases, the study looks at the results of a case in Brazil [4] in which the geodesign concept was applied early in the process in order to analyze the project's capacity to balance urban transformation with the preservation of environmental features in the study area.
Although most examples of applied geodesign are associated with regional and urban planning, there are some studies of linear infrastructures that resemble our case. In it, we find some similarities as far as the consequences of building a new road or a new transmission line, due to changing conditions throughout the new infrastructure. Santini and Pecori [40] evaluate the positive and negative effects derived from implementing a tool for "expansion" or "new construction" of transportation infrastructures (in this case, roads) in an area. Their methodology provides in-depth information about the study area (including economic and environmental resources), confirming the varying degrees sensibility throughout the study area for the proposed linear infrastructure in response to a series of actions to be undertaken during the project in relation to the building of new roads, and assessing various location scenarios for the same kind of project or different potential impacts for the same location.
Given the scarce or non-existent documented history of applying geodesign environments to HVTL design, the present research proposes developing a new geodesign workflow based on the sequenced application of models such as the framework proposed by Steiniz [15] , in which the GI workflow and traceability assumes a relevant role. The section that follows describes the methodological approach used to define the new geodesign workflow applied to HVTL projects.
Methodological Approach
Thanks to the relative maturity of the Information Society [41] , there are many sources of digital data available for many regions of the planet, including geospatial regions. The Digital Earth concept introduced by Craglia et al. [42] is gradually becoming a reality, and there are both official and volunteer (for instance Openstreetmap.org) GI data available that can be analyzed or used to make decisions, specifically in geodesign and design processes.
Having previously established the GI workflows generated during the project phases of a new transmission line, these workflows are currently being implemented as a set of procedures to be followed in each new project. The company has implemented a corporate GIS (GeoRED) to facilitate management and storage of the all the GI. GeoRED was designed to meet the needs associated with stakeholder collaboration. The system is backed by GI that facilitates collaboration and understanding of geographic reality through the use of visual tools and maps as well as geoprocessing, creating a virtual meeting room that is accessible through the stakeholders' offices, enabling the execution of iterative design cycles until participants reach a consensus [8] . GeoRED has the capacity to represent the requirements of the various stakeholders in a single environment. Thus, the virtual meeting room provides an alternative methodological approach to research on how to involve the various actors, from technical experts to local actors, in an open and participatory process. This participation facilitates transparency and visibility in the various decisions and responsibilities. Nevertheless, the platform design does not follow any particular geodesign workflow, nor does it follow homogenous procedures for each phase of the projects, and the procedures implemented depend on the criteria of the member of the technical staff in charge at each phase.
Considering that a new transmission line becomes one of the elements that structure "what is there" in the territory (along with natural features, transport links, buildings, etc.) and "what is happening" in the territory (how the territory behaves as far as its social, cultural, and economic activities), each phase incorporates the GI representing the constraints of the various groups and stakeholders involved, and it is necessary to use GI with increasingly more precise scales in the corresponding studies.
The proposal presented herein is based on applying different models, with homogenous procedures, in each of the phases described, which also provides a system for tracking the evolution of the HVTL project.
Within each phase, the new proposed models are dependent on the results of the previous models according to the GI workflow, as is also the case in the geodesign framework proposed by Steintz [15] , though this framework does not define a strictly sequential order, since it allows for cycles and the back-loops between models, which, in fact, are very common in practice; if there data is missing or is insufficient to apply to a given model, then data acquisition becomes a priority activity. Or rather, if the processes cannot be modeled, specific work is carried out on some aspect of the HVTL project dynamics. Figure 1 indicates the kinds of models and the order of their application in each phase.
There are four types of models for all the phases. Figure 1 shows how the four types of models are applied transversally throughout the project and sequentially within each phase of the project.
The first type aim to explain the scope of the study in order to propose viable changes that establish the second type of models. The third type aim to evaluate the impacts that the changes proposed would have on the territory studied, and, lastly, the fourth type facilitates a decision that normally has a human component that is difficult to automate since, as is also true in the decision models proposed by Steintz [15] , a decision is normally accompanied by a negotiation and final agreement. Each project could be managed in multiple ways, nevertheless, considering the strong ties with the territory and the consequences of installing HVTLs, it seems appropriate to justify applying an HVTL geodesign workflow that supports corporate methodologies in a homogenous scenario with systematized tasks. An initial approach to the need for a geodesign workflow was carried out in 2012 [43] and in 2014 [44] . Types of models to be applied to the HVTL geodesign workflow.
Foster [31] interprets the geodesign framework proposed by Steinitz [15] as a structure promoted by the people in charge of making decisions and carefully designed to facilitate its effective execution. With this objective, Figure 2 As in the model proposed in Steinitz's A Framework for Geodesign [15] , the work scale constrains the type of information used in the analysis for each phase. For an HVTL project, we inevitably move from smaller to larger scales, which means that GI becomes increasingly precise with each subsequent phase.
The HVTL geodesign workflow establishes the change of scale between the various phases. Thus, the scales used in the first few phases are much smaller than the ones used in the detail phases.
There are two different feedback-iteration-consensus processes. The first is between the studying alternatives and engineering phases. Once the alternative corridors have been defined, the engineering project is designed within these corridors. However, due to the existence of 'micro' environmental conditions (for example, protected species of flora), consensus must be reached with the other stakeholders involved in each case before consolidating the project. These conditions are detected when the GI work scale changes, since this substantially increases the quality of analysis. The second process occurs between the engineering, permit obtainment, and construction phases. During construction, the need may arise to make slight alterations in the project that must then be validated in the permit obtainment and engineering phases, for example displacing pylons within the alignment upon the affected plot owner's request.
Each HVTL project is divided into five main phases, with the results of each phase used as input Foster [31] interprets the geodesign framework proposed by Steinitz [15] as a structure promoted by the people in charge of making decisions and carefully designed to facilitate its effective execution. With this objective, Figure 2 explains the flow of GI for the HVTL geodesign workflow proposed for REE, and the most common range of work scales in each phase of the project. In Spain, Law 21/2013, of 9 December 2013 [1], makes it obligatory to evaluate the environmental impact of at least three alternative projects, so the workflow manages at least three viable alternative corridors as a solution to accommodating the HVTL study project. Foster [31] interprets the geodesign framework proposed by Steinitz [15] as a structure promoted by the people in charge of making decisions and carefully designed to facilitate its effective execution. With this objective, Figure 2 As in the model proposed in Steinitz's A Framework for Geodesign [15] , the work scale constrains the type of information used in the analysis for each phase. For an HVTL project, we inevitably move from smaller to larger scales, which means that GI becomes increasingly precise with each subsequent phase.
There are two different feedback-iteration-consensus processes. The first is between the studying alternatives and engineering phases. Once the alternative corridors have been defined, the engineering project is designed within these corridors. However, due to the existence of 'micro' environmental conditions (for example, protected species of flora), consensus must be reached with the other stakeholders involved in each case before consolidating the project. These conditions are detected when the GI work scale changes, since this substantially increases the quality of analysis. The second process occurs between the engineering, permit obtainment, and construction phases. During construction, the need may arise to make slight alterations in the project that must then be validated in the permit obtainment and engineering phases, for example displacing pylons within As in the model proposed in Steinitz's A Framework for Geodesign [15] , the work scale constrains the type of information used in the analysis for each phase. For an HVTL project, we inevitably move from smaller to larger scales, which means that GI becomes increasingly precise with each subsequent phase.
Each HVTL project is divided into five main phases, with the results of each phase used as input for the next phase: planning, study of alternatives, engineering project definition, obtaining permits, and construction. Considering the linear task workflow, each of the phases may be conceived as a different project, and each one may be associated with its discipline. Therefore, it is necessary to carry out a planning project in order to detect future power needs; a study of alternatives project obtaining at least three environmentally viable alternatives as a result; an engineering project for each of these environmental alternatives, one of which is ultimately be selected; a project for obtaining permits for the plots affected by the final project, and, lastly, a construction project.
The cartographical representation of the planning phase is an approximation. In the study of alternatives phase, the territory is analyzed using official cartographic sources that, at the level of territorial organization, already account for the territorial constraints that apply to the search for lower impact corridors. In the engineering phase, original GI is generated through classic topography, photogrammetry, or LiDAR flights, thus the GI describing the corridor with the lowest impact is truly rich in its level of detail. In the permit obtainment phase, two GI sources are combined: official Cadaster's Online Site GI [45] and the GI resulting from the engineering phase. Finally, the construction phase relies on GI produced during the fieldwork carried out to rethink the project design.
Each phase is analyzed sequentially, and the results of one phase become part of the next. In each phase, a set of models is sequenced that culminate in a final decision. For each phase, this sequence of models is correlated with the other phases, so that, for each project, it is possible to track the various project statuses through the GI that describes them. different project, and each one may be associated with its discipline. Therefore, it is necessary to carry out a planning project in order to detect future power needs; a study of alternatives project obtaining at least three environmentally viable alternatives as a result; an engineering project for each of these environmental alternatives, one of which is ultimately be selected; a project for obtaining permits for the plots affected by the final project, and, lastly, a construction project. The cartographical representation of the planning phase is an approximation. In the study of alternatives phase, the territory is analyzed using official cartographic sources that, at the level of territorial organization, already account for the territorial constraints that apply to the search for lower impact corridors. In the engineering phase, original GI is generated through classic topography, photogrammetry, or LiDAR flights, thus the GI describing the corridor with the lowest impact is truly rich in its level of detail. In the permit obtainment phase, two GI sources are combined: official Cadaster's Online Site GI [45] and the GI resulting from the engineering phase. Finally, the construction phase relies on GI produced during the fieldwork carried out to rethink the project design.
Each phase is analyzed sequentially, and the results of one phase become part of the next. In each phase, a set of models is sequenced that culminate in a final decision. For each phase, this sequence of models is correlated with the other phases, so that, for each project, it is possible to track the various project statuses through the GI that describes them. Another objective is to manage the traceability of GI for the projects in order to analyze the current and previous statuses of each project so as to understand the specific decisions made in each phase.
The traceability of the scope of study models shows how the work scales and detailed GI grow as the project progresses. The traceability of the study area models shows how the study areas are gradually defined and focused on increasingly concrete regions. Figure 4 shows how the models for each phase correlate to manage GI traceability, indicating the type of model for each of the models Another objective is to manage the traceability of GI for the projects in order to analyze the current and previous statuses of each project so as to understand the specific decisions made in each phase. The traceability of the scope of study models shows how the work scales and detailed GI grow as the project progresses. The traceability of the study area models shows how the study areas are gradually defined and focused on increasingly concrete regions. Figure 4 shows how the models for each phase correlate to manage GI traceability, indicating the type of model for each of the models applied at each phase. The traceability of the land occupation models (right-hand column in the table-figure) indicates how the new HVTL occupies the land in each phase. The traceability of the environmental impact models shows what the new HVTL means from the various points of view contemplated: including the perspective of the environment, in the study of alternatives; of the socio-economic context, in the engineering phase, and of the cadastral plots, in the permit obtainment and construction phases. The traceability of the landscape impact models shows how the visual area in the study of initial alternatives is concretized in the visibility of the pylons in the engineering phase, and, finally, we have the traceability of all the decisions reached in the process.
The next section outlines each of the five phases of the proposed methodological approach to designing HVTLs, specifying how the model defines the GI to be used and what GI is generated in each of the phases.
Planning Phase
The needs of the electric system-including reinforcing electric routes, supplying power to new locations, or expanding the layout of the transmission network (TN) itself to maintain supply quality-provide a plan for how the TN should evolve to be executed over the following years. Given this attribute, which has more to do with electricity than with the territory, in this phase, for each HVTL, the initial GI workflow serves only to indicate the future layout, with little precision. The work scale is therefore small, and given the TN maps generated by REE, is approximately 1:1,000,000. The scope of study model for this phase is based on the GI representing the voltage of the lines and their conditions (aerial, underground or underwater).
Studying Alternatives Phase
Once the power supply TN planning has been approved by the Council of Ministers, the main contribution to planning during this phase comes hand-in-hand with GI. This GI takes into account the constraints and restrictions that apply to the physical and biotic environments. A set of analyses is carried out resulting in at least three viable alternative corridors as a solution to accommodating the HVTL study project. In Spain, Law 21/2013, of 9 December 2013 [1], makes it obligatory to evaluate the environmental impact of at least three alternative projects.
During this phase, there is a qualitative leap in the level of detail of the GI, going from a scale of 1:1,000,000 to scales between 1:25,000 and 1:10,000, and the following models support this and help make decisions and justify solutions. The traceability of the land occupation models (right-hand column in the table-figure) indicates how the new HVTL occupies the land in each phase. The traceability of the environmental impact models shows what the new HVTL means from the various points of view contemplated: including the perspective of the environment, in the study of alternatives; of the socio-economic context, in the engineering phase, and of the cadastral plots, in the permit obtainment and construction phases. The traceability of the landscape impact models shows how the visual area in the study of initial alternatives is concretized in the visibility of the pylons in the engineering phase, and, finally, we have the traceability of all the decisions reached in the process.
Planning Phase
Studying Alternatives Phase
During this phase, there is a qualitative leap in the level of detail of the GI, going from a scale of 1:1,000,000 to scales between 1:25,000 and 1:10,000, and the following models support this and help make decisions and justify solutions.
Engineering Phase
During this phase, a project is designed for each of the three alternatives proposed in the previous phase. The engineering study area is limited to the alternative corridors proposed.
There are several project design steps included in this phase, in addition to any electrical and mechanical aspects that may result in strain on conductor cables and their supporting structures. As shown in Figure 5 , the first step is designing the alignments, that is to say, the viable layout for the new HVTL, which will necessarily fall within the previously generated corridor. The second step is consolidating the alignment vertexes as pylons. The third is distributing the pylons, with each of the vertexes from the previous step serving as a pylon. There may be as many pylons as necessary between any two vertexes. The fourth step is designing the pylon access roads. Lastly, the fifth step is generating all the surfaces affected by the future HVTL. There are several project design steps included in this phase, in addition to any electrical and mechanical aspects that may result in strain on conductor cables and their supporting structures. As shown in Figure 5 , the first step is designing the alignments, that is to say, the viable layout for the new HVTL, which will necessarily fall within the previously generated corridor. The second step is consolidating the alignment vertexes as pylons. The third is distributing the pylons, with each of the vertexes from the previous step serving as a pylon. There may be as many pylons as necessary between any two vertexes. The fourth step is designing the pylon access roads. Lastly, the fifth step is generating all the surfaces affected by the future HVTL. 
Permit Obtainment Phase
During this phase, a detailed description is made of the impact of the new HVTL on the plots it is to occupy. This quantitative description defines the conditions for each plot and establishes the compensation that each owner will receive for its occupation, whether temporary or permanent. The permit is a document signed by both parties that authorizes REE to occupy the parcels in the terms specified therein.
Construction Phase
During the construction phase, the designed project is materialized in the territory. This phase consists of executing the civil work of the pylons and the access roads projected to reach them, as well as laying the cables that will be supported by the pylons.
It could be said that the previous phases have elaborated the project in detail so that, at this stage, any environmental, technical, or legal conditions that may apply have already been contemplated and satisfied. The only uncertainties remaining are those inherent to the execution of any civil works. 
Workflow Implementation and Discussion

Planning Phase
Permit Obtainment Phase
Construction Phase
It could be said that the previous phases have elaborated the project in detail so that, at this stage, any environmental, technical, or legal conditions that may apply have already been contemplated and satisfied. The only uncertainties remaining are those inherent to the execution of any civil works.
Workflow Implementation and Discussion
Planning Phase
The planning phase is carried out by consensus between the central governmental administration and REE as a technical phase that proposes the construction of new lines, or the repowering the existing lines, in order to maintain quality of service or enable connection to new sources of power generation or high-speed railway lines. Its final approval depends on the Council of Ministers.
During this phase the use of GI is merely informative and not detailed. This is why we have only included this phase as the start of the workflow without elaborating it in as much detail as the other phases.
Studying Alternatives Phase
This phase includes the biggest change in the GI work-scale, which goes from the national scale to a scale that covers the geographical extent of each project.
Scope of Study Model
The objective is not only to represent but also to be able to analyze GI with the criteria established by REE for each phase. This criteria is established under two requirements: the basic GI required, and the symbology of corporate representation; thus homogenizing studies for the new HVTL.
This model, adapted from the methodology proposed in the "TPropongo" [46] project, generates the basic GI required. The adaptation consisted of reducing the number of themes included in the model to be considered and re-parameterizing all the others, ultimately leaving eight layers of spatial data categorized by theme and level of acceptability of a new HVTL. These eight layers of spatial data correspond to the territorial constraints that have been taken into consideration. Each pixel (resolution of the analysis) is assigned an acceptability value for each of the territorial factors taken into account. According to REE's technical criteria, the difficulty of carrying an HVTL is assessed on a scale from 0 to 10. The value 0 represents the minimum territorial restrictions within the territory, while 10 represents the most.
These territorial constraints are detailed below:
•
Existing Linear Infrastructures
The aim is to obtain the areas that are already experiencing the impact of previously built power facilities in order to group the impact of the new HVTL together with the impact of existing linear infrastructures, thus avoiding fragmenting the territory by opening additional infrastructure corridors. Buffers (areas of influence) measuring 250 m are created around existing linear infrastructures (power lines, roads, and railway lines) in order to demarcate suitable areas. On the other hand, an additional buffer is created around the first 25 m surrounding these linear facilities in order to respect the right-of-way for these infrastructures. An example of values indicating territorial restrictions can be seen in Table A1 (1) of the Appendix A.
• Accessibility
In addition to minimizing costs and execution times for the project, the accessibility of the territory also reduces the impacts derived from building new accesses. The objective is to generate a map indicating the most and least accessible areas in the territory, as well as those areas that have no access roads. Buffers between 250 and 500 m are created around asphalted roads and non-asphalted roads. A 25-m buffer is also created around asphalted roads to respect the right-of-way. An example of values indicating territorial restrictions can be seen in Table A1 (2) of the Appendix A.
• Orography
The aim is to obtain a map of the study area representing zones with the greatest and least terrain slope. An example of values indicating territorial restrictions can be seen in Table A1 (3) of the Appendix A.
• Natural Value
There are different figures with a natural value to be found in the territory. These figures must be kept in mind, as far as possible, in order to avoid degradation. An example of values indicating carrying capacity can be seen in Table A1 (4) of the Appendix A.
• Protected Natural Areas
The aim is to obtain a map representing natural protected areas (NPAs), assigning greater value to areas in which protections overlap. An example of values indicating impeded carrying capacity can be seen in Table A1 (5) of the Appendix A.
• Populated Areas
The aim is to obtain a map that represents populated areas, areas near these population areas, and isolated areas, which would be less visible but would also be more difficult to access. To divide the territory by categories, buffer rings are created at different distances, and an example of values indicated territorial restrictions is shown in Table A1 (6) of the Appendix A.
Social Environment
The aim is to obtain a map that shows the areas of social interest classified by type, to which end an example of values indicating territorial restrictions is shown in Table A1 (7) of the Appendix A were used.
Physical Environment
Nature itself imposes different restrictions on the territory, such as those associated with hydrology and geology. In order to apply these restrictions, 25-m buffers were created around the hydrographic network, in order to respect its integrity. Also, 200-m buffers were created around specific elements such as places of hydrogeological interest. The sample values indicated in Table A1 (8) of Appendix A were used to generate the map of areas of physical interest.
Depending on the particularities of each region, REE can generate as many maps as necessary for each territorial feature by modifying the weight values applicable to each variable for each territorial constraint. Thus, for each project for the new HVTL, it is possible to iteratively generate different scenarios for each territorial constraint. A recent paper from Trogu and Campagna [47] demonstrated that it is possible to assign weights locally using a statistically sound data-driven approach. In this paper, the authors explain that, "the capacity of composite indicators to summarize the simultaneous effect of different aspect of the realty, and at the same time the possibility to take into account the spatial effects that may occur among the variables involved in the description of these aspects." Another paper by Ligmann-Zielinska and Jankowski [48] explains how they, "employ spatially-explicit uncertainty and sensitivity analysis to examine the robustness of land suitability evaluation. We use Monte Carlo simulation to sweep through criteria weight space, where weights are expressed using probability distributions."
The bioclimatic region of Spain where the study of alternatives is carried out conditions the weights associated with each variable. REE has multidisciplinary working groups spread throughout the territory. These groups are familiar with local environmental conditions, relationships among regional and local stakeholders and the technical aspects of the project and also have advanced GIS skills.
Territorial Restrictions Model
This model generates a map of the restrictions of the territory that might potentially accommodate the new HVTL.
Once the aforementioned (raster format) maps have been generated, representing each of the territorial features to be considered, the map of territorial restrictions is obtained from the weighted superposition of all these features. Each map generated takes the acceptability values of its variables into account, and each map weighs differently in generating the final territorial restrictions map. An example of weights used is listed in Table 1 , where we can appreciate how it is possible to ponder the importance of each one of the themes. 
Map
Weight (%)
The result of the weighted superposition of the various maps is the territorial restrictions map, where each pixel (at the study resolution) is assigned a restriction value, with pixels of lesser values representing a greater capacity for hosting a new HVTL.
As with the previous model, by modifying the weights of each layer of spatial data, it is possible to obtain different scenarios that, when applied iteratively, bring the map closer to the capacity for hosting a new HVTL of the particular conditions in each region.
Viable Alternatives Model
Based on the map of territorial restrictions, this model makes it possible to generate corridors within which to project the HVTL. An HVTL always has an origin and a destination that might include (new or existing) power substations or connections with other existing HVTLs. These corridors represent areas with minimal territorial restrictions for connecting the aforementioned origin and destination.
This model is composed of two steps. The first step consists of narrowing the scope of analysis, which helps reduce the size of the territorial restrictions map. In the second step, an analysis is made that makes it possible to obtain alternatives. Thus, it is possible to iteratively define as many scopes of analysis as necessary and generate alternative corridors for each one.
The geo-processing model for the first step is based on reducing the size of the territorial restrictions map in order to limit the scope of analysis. This reduction limits the surface area over which the alternative corridors are proposed.
In this model (see Figure A1 of the Appendix A), the crop mask is generated and the territorial restrictions map is cropped, with the area around the straight line connecting the point of origin and the destination considered.
In order to ensure that as many alternative corridors as possible can be considered, the way in which the scope of analysis is delimited must vary depending on the distance between the point of origin and the point of destination. The greater the distance between the points of origin and destination, the greater the dimensions of the scope of study should be. In other words, the width of the scope of analysis is determined as a function of the distance between the point of origin and the point of destination. In this case, the width was taken to be one-third of the distance and is a value that can be modified iteratively. In the second step, using the model in Figure A2 of the Appendix A, the alternative corridors are generated after restricting the scope of analysis to the previous crop.
The raster crop that has just been generated serves as the raster cost area in the model, so that, a distance cost raster may be generated for each point based on the points of origin and destination. These distance cost rasters represent the distance with the lowest cumulative cost for each cell in the nearest point, using the territorial restrictions map as the cost surface.
Using these two distance cost rasters, a sum of the cumulative environmental costs for both rasters is obtained. Based on this resulting raster, crops are made to obtain the areas with the lowest cumulative environmental costs. From this point on, the alternative corridors are clearly visible.
Of all the alternatives generated, the three with the least environmental impact is chosen. To this end, the following environmental impact model is applied, the results of which, along with the overall visibility, are key for the decision model.
Environmental Impact Model
Both the alternative corridors generated and the points taken into consideration in generating the territorial restrictions map have had some sort of effect on the environment. These effects must be identified, quantified, and organized in order to select the alternative with the least impact. To this end, a layer is generated that adds all the environmental protection figures and creates an intersection of each of the alternative corridors based on the protection figures obtained for each alternative: what figures it goes through, their importance, and the degree to which these are affected. It is thus possible to select the alternative corridor with the least impact on the environment.
General Visibility Model
This model adds another attribute to each alternative corridor by carrying out a visibility analysis for each alternative. In this phase, visibility is not a characteristic that strictly constrains the layout of the future HVTL, but it does inform us of the visible surface area of each alternative.
We also used the digital terrain model for the study area, a set of relevant points as observed points, such as the existence of populated areas, luxury hotels, tourist routes, roads, and any other relevant site whose sightlines might be interrupted by the new HVTL, and calculate the view-shed for each of them within the study area. Subsequently, an intersection is created between each alternative and the overall view-shed for the area in order to compare alternatives from the point of view of visibility.
This comparison takes into account the visible surface for each alternative and the relative weight of each relevant point to be observed in the territory. Figure 7 shows a graphic example. In the second step, using the model in Figure A2 of the Appendix A, the alternative corridors are generated after restricting the scope of analysis to the previous crop.
Environmental Impact Model
General Visibility Model
This comparison takes into account the visible surface for each alternative and the relative weight of each relevant point to be observed in the territory. Figure 7 shows a graphic example. 
Decision Model
During this phase, three viable alternatives for installing a new HVTL are chosen to find out which of the three has the lowest environmental impact. In order to identify the alternative with the least impact, we first analyze the results of the environmental impact model and the general visibility model, and also keep in mind the cost criteria and the length of each alternative. The viable alternatives model proposes different viable corridors based on the territorial restrictions map, and the technician takes the results of the previous models into account when defining the three finalist alternatives by editing (modifying, deleting, or drawing), and selecting the alternative with the least impact. This decision has a high human component and is therefore more subjective and based on experience, which could even qualify any of the alternatives studied. An example of the result of this phase is show in Figure 8 . 
Engineering Phase
In taking these steps, we applied the following models:
Scope of Study Model
In order to analyze the GI for each corridor, the data in this model is treated at a much more precise scale, between 1:5.000 and 1:2.000. This information consists of a DEM with a minimum 5 m resolution, the length of the span (distance between two consecutive pylons), the existence of passable roads, and restriction with regards to the location of vertexes and pylons. These preferences and restrictions are largely defined by the geomorphology of the terrain, the aim is to avoid river basins and flood plains, roads and corresponding easements, areas that are difficult to access with self-propelled machinery, cattle routes, or any other restriction that the technician in charge may consider relevant.
Alignment Model
This model automatically generates the axis of each alternative corridor. This proposed axis is the point farthest from the boundaries of the corridor, the aim being to ensure that any possible effects of the movement of conductor cables by cross winds or of the layout of future pylon access roads are kept outside the corridor. In order to calculate this, the model used to propose the axis or alignment generates the vertexes that delimit the corridor's polygon. These vertexes are used to generate the Thiessen [49] polygons (see Figure 9 ) and, after converting them to polyline, the lines that fall wholly within the area are selected. 
Engineering Phase
Scope of Study Model
In order to analyze the GI for each corridor, the data in this model is treated at a much more precise scale, between 1:5.000 and 1:2.000. This information consists of a DEM with a minimum 5 m resolution, the length of the span (distance between two consecutive pylons), the existence of passable roads, and restriction with regards to the location of vertexes and pylons. These preferences and restrictions are largely defined by the geomorphology of the terrain, the aim is to avoid river basins and flood plains, roads and corresponding easements, areas that are difficult to access with selfpropelled machinery, cattle routes, or any other restriction that the technician in charge may consider relevant.
Alignment Model
This model automatically generates the axis of each alternative corridor. This proposed axis is the point farthest from the boundaries of the corridor, the aim being to ensure that any possible effects of the movement of conductor cables by cross winds or of the layout of future pylon access roads are kept outside the corridor. In order to calculate this, the model used to propose the axis or alignment generates the vertexes that delimit the corridor's polygon. These vertexes are used to generate the Thiessen [49] polygons (see Figure 9 ) and, after converting them to polyline, the lines that fall wholly within the area are selected. Figure A3 of the Appendix A presents the geoprocess that generates the alignments. This proposed axis is used to carry out a guided field visit and may be modified depending on any constraints found on the ground that were not registered in the GI used to make the initial analysis.
Pylon Distribution Model
Once the alignment has been established and its environmental viability agreed upon, a pylon distribution proposal is automatically produced. The automation was carried out using PLS-CADD software [50] . Without going into detail yet as far as the electric and mechanical aspects of the future Figure A3 of the Appendix A presents the geoprocess that generates the alignments. This proposed axis is used to carry out a guided field visit and may be modified depending on any constraints found on the ground that were not registered in the GI used to make the initial analysis.
Once the alignment has been established and its environmental viability agreed upon, a pylon distribution proposal is automatically produced. The automation was carried out using PLS-CADD software [50] . Without going into detail yet as far as the electric and mechanical aspects of the future HVTL, the software used in the model requires the following input data: a 3D topography, the proposed alignment and location restrictions for the pylons (including roads or paths, hydrographic networks, or any surface the technician in charge may deem it convenient to restrict), generating a proposal for distributing the pylons. This proposal should be verified in the field and modified if necessary.
Effects Impact Model
In the study of alternatives phase, we have considered how a new HVTL could impact the environment and landscape. In this phase, we used a more precise work scale to calculate the geometry and the exact location of all impacts. Once the final pylon distribution has been determined, we can go on to calculate the effects of the future HVTL, which may be permanent or temporary (during construction).
These permanent effects represent the land occupied after construction: pylons, aerial layout, felled trees, and blowout based on a hypothesis of extreme 120 km/h winds perpendicular to the HVTL layout. Each type of condition entails a type of action, and, in some cases, may modify the affected territory. In other cases, it may entail a right-of-way or fly-over rights for electric cables that bar construction underneath.
The sum of these affected surfaces is automatically calculated and represented, and its result may be seen in Figure 10 . HVTL, the software used in the model requires the following input data: a 3D topography, the proposed alignment and location restrictions for the pylons (including roads or paths, hydrographic networks, or any surface the technician in charge may deem it convenient to restrict), generating a proposal for distributing the pylons. This proposal should be verified in the field and modified if necessary.
The sum of these affected surfaces is automatically calculated and represented, and its result may be seen in Figure 10 . 
Socioeconomic Impact Model
This model quantifies the impact generated by each project alternative on the socio-economic environment in the territory it traverses, and the idea is to produce cross-comparisons with existing socio-economic constraints. These constraints have already been taken into account in the study of alternatives phase and may be categorized as affecting either the physical or the social environment. Worth noting among them are those constraints related with economic activities in the area, including tourism. The public road network is also taken into account. REE performs a spatial analysis of the effects of the future HVTL within each stakeholder's area of influence. The geoprocessing to be applied in this model is represented in Figure A4 of the Appendix A. 
This model quantifies the impact generated by each project alternative on the socio-economic environment in the territory it traverses, and the idea is to produce cross-comparisons with existing socio-economic constraints. These constraints have already been taken into account in the study of alternatives phase and may be categorized as affecting either the physical or the social environment. Worth noting among them are those constraints related with economic activities in the area, including tourism. The public road network is also taken into account. REE performs a spatial analysis of the effects of the future HVTL within each stakeholder's area of influence. The geoprocessing to be applied in this model is represented in Figure A4 of the Appendix A.
This model uses the "identity" tool in ESRI ArcGIS [51] . This tool maintains the alternative geometry analyzed and becomes increasingly detailed when cross-compared with the socio-economic constraints themselves. As the geometry gains detailed, it inherits alphanumeric information describing each constraint, thus, after concatenating various identities, we obtain the magnitude of the effects of each alternative on each constraint.
The model is applied to the entire alternative project, and the result obtained is the surface affected with each constraint, which makes it possible to compare the project alternatives with each other.
Visual Impact Model
The visual impact model analyzes the visibility of the pylons, as their visibility has more of an impact than the visibility of conductor cables. The model's objective is to quantitatively and qualitatively assess the visibility of pylons [52] . Quantitatively calculating the surface area of the view-shed for each pylon independently and as a whole together with the rest of the pylons under analysis. Qualitatively taking into account as weight parameters the distance between each point in the territory studied and each pylon and the visible part of each pylon (top, top-middle part, and complete pylon). The geoprocessing model that automates the visibility study for each pylon is shown in Figure A5 of the Appendix A and is a tool already developed in GeoRED's corporate GIS.
In brief, this geoprocessing model carries out two fundamental tasks. The first of these tasks is to modify the digital elevation model by adding vegetation as a natural screen to reduce visibility. The second consists of a triple analysis of each pylon, that is to say, calculating the view-shed for each structure as its total height, as 66% of its height and as 33% of its height. This allows us to determine which part of each structure can be seen from any given point of the study area.
The results of the visibility analysis for each pylon are combined for each alternative. The combined results model is represented in Figure A6 of the Appendix A. This geoprocessing model combines the results of the execution of the previous model. Each point in the territory is thus assigned the alphanumeric information from the visibility analysis for all the pylon considered, producing as a result an analysis of each alternative.
The specific results for a given study area are defined by the following attributes: the number of pylons that can be seen from that point, the distance at which each pylon lies, and the part of each pylon that is visible. The importance of visibility is directly associated with the weight attributed to the distance from each pylon and its visible part. Figure 11 presents an example of the results of applying this model. This model uses the "identity" tool in ESRI ArcGIS [51] . This tool maintains the alternative geometry analyzed and becomes increasingly detailed when cross-compared with the socioeconomic constraints themselves. As the geometry gains detailed, it inherits alphanumeric information describing each constraint, thus, after concatenating various identities, we obtain the magnitude of the effects of each alternative on each constraint.
The specific results for a given study area are defined by the following attributes: the number of pylons that can be seen from that point, the distance at which each pylon lies, and the part of each pylon that is visible. The importance of visibility is directly associated with the weight attributed to the distance from each pylon and its visible part. Figure 11 presents an example of the results of applying this model. This figure shows the visibility analysis for the 17 pylons highlighted and the specific visibility at one of the points analyzed, indicating the specific visibility of the 17 pylons.
Decision Model
This model compares the three alternatives by analyzing the results of the alignment calculations, their lengths, the distribution and visual impact of the pylons, the complexity of accessing the pylons, and the impact on the socio-economic environment in the area for each alternative.
The decision agrees with the corresponding administration through a negotiation process that takes into account technical, environmental, and socio-economic factors as well as factors related to the execution of the works. In preparing the negotiation process, REE's multidisciplinary team in each territory organizes informative sessions to explain the project from every point of view considered. GeoRED 3D visualization tools will help improve understanding of the future HVTL. These informative sessions are open to the public and the administration, as representatives of the local population, takes note of the most relevant concerns in order to reach a consensus.
Permit Obtainment Phase
Scope of Study Model
In order to analyze how the future HVTL would affect the plots, the GI handled in this phase are more precise than the previous GIs, applying the work scale used for the official cartography of the cadaster (accessible through the Cadaster's Online Site) [43] , whose scales range between 1:2.000-1:1.000.
Cadastral Plot Model
This model is automatically obtained by using the downloading service offered by the Cadaster's Online Site. During this process, the data is downloaded and also filtered to prevent duplicates and eliminate obsolescent plots.
RBD (List of Affected Assets and Rights) Model: Rights-of-Way and Occupations
This model analyzes the type and magnitude of the effects of the new HVTL on each cadastral plot. For permanent effects, the model takes into account the surface occupied by the pylons, access roads, fly-over rights-with and without crosswinds-and safety distances. For temporary effects, the model includes the surface area necessary in order to gather materials and vehicles and protect junctions for roads and other routes; the latter may be modified during the construction phase. Before completing the model, it is first analyzed to determine whether the resulting effects are significant or negligible. To this end, we apply the ratio between the surface area and the perimeter; if the ratio is less than 1, this indicates a long and narrow effect and may be considered negligible.
The results of this phase produce a table in which each row represents an affected cadastral plots, and each column contains data explaining how the future HVTL would affect each plot.
Plot Impact Model
The model takes into account the position of the pylon on the affected plot. Out of respect for private property and for the occupancy generated by the future HVTL itself, every attempt was made to ensure that the pylons were close to the boundaries, thus preventing limiting the use of the entire plot. This model is then used to calculate the distances from the pylon to the plot's various boundaries, so that they help identify the direction in which the tower could be moved in order to leave as much of the plot free of occupations. This model is represented in Figure A7 of the Appendix A.
Decision Model
This model takes into account the results of the RBD Model and the Impact on Plots Model and decides how to manage the effects by plot. In some cases, these are not taken into account, while in other cases they are and the engineering team is requested to modify the distribution of the pylons in order to minimize the impact on each plot.
Construction Phase
Scope of Study Model
In this phase, the GI focuses on how the execution of the construction works might affect the cadastral plots previously identified in the RBD model. Although the GI scales used in the previous phase were in the 1:2.000-1:1.000 range, in this phase the GI includes the topography of the construction site, using the following work scales: 1:1000-1:500.
Temporary Occupation for Works Model
Regardless of the surface area that is in theory to be temporarily occupied as established in the engineering phase, and having quantified the effects during the permit obtainment phase, variations in these surface areas often emerge during the execution of the works. These variations may be necessary in order to meet the requirements of the orography of the terrain, the machinery to be used, or even the requests of the plot owners themselves. One example of these new temporarily occupied surfaces is the surface required to hoist the pylons. By default, this is estimated to be a 1600-m 2 surface area with the center at the pylon and facing the same direction. Figure 12 shows the temporary occupation proposed by default, which would paralyze a public road, as well as the final occupation established during the execution of the works. leave as much of the plot free of occupations. This model is represented in Figure A7 of the Appendix A.
Decision Model
Construction Phase
Scope of Study Model
Temporary Occupation for Works Model
Regardless of the surface area that is in theory to be temporarily occupied as established in the engineering phase, and having quantified the effects during the permit obtainment phase, variations in these surface areas often emerge during the execution of the works. These variations may be necessary in order to meet the requirements of the orography of the terrain, the machinery to be used, or even the requests of the plot owners themselves. One example of these new temporarily occupied surfaces is the surface required to hoist the pylons. By default, this is estimated to be a 1600-m 2 surface area with the center at the pylon and facing the same direction. Figure 12 shows the temporary occupation proposed by default, which would paralyze a public road, as well as the final occupation established during the execution of the works. 
Plot Impact Model
Within the permit obtainment phase, payments are established for damages caused to each plot: for spoiling crops, demolishing buildings, cutting through fences or barbed wire, etc. In this case, as new effects are generated that were not previously contemplated, a system is established to compensate for the damages caused; the model used to calculate the magnitude of damages is shown in Figure A8 of Appendix A. 
Within the permit obtainment phase, payments are established for damages caused to each plot: for spoiling crops, demolishing buildings, cutting through fences or barbed wire, etc. In this case, as new effects are generated that were not previously contemplated, a system is established to compensate for the damages caused; the model used to calculate the magnitude of damages is shown in Figure A8 of Appendix A.
Decision Model
Again, it is the technicians in charge of the works who decide whether to temporarily occupy part of the plot, and they are the ones who decide how to balance the feasibility of construction with respect for private property, with the aim of minimizing any possible damage. Consequently, the model should calculate the damages caused, for which the owner of the affected plot shall be compensated.
Discussion
This paper presents Geodesign as a suitable methodological approach for gathering the different requirements of various stakeholders in a single environment, creating a collaborative workflow that enables consensual decision-making and favors transparency, making the different decisions and responsibilities in HVTL projects visible.
The proposed workflow for REE's HVTL projects implements geodesign methodology in order to standardize criteria for analyzing data to support decision-making. This workflow is currently being implemented in the corporate GIS GeoRED, as an internal process within the company for meetings between the geospatial unit and the various business units responsible for the workflow phases described in this paper. Although many of the models have already been tested and validated, others are still in the debugging phase. The methodological proposal outlined in this workflow is not an end in itself, it is a means to coordinate the work of the various business units, by unifying the criteria in each phase and ensuring that a single criterion is applied when transferring GI between phases, thus harmonizing GI flows and guaranteeing their traceability.
Regarding the two research questions proposed in this work, RQ1 asks whether it is possible to implement a geodesign methodology based on a workflow for HVTL projects and integrate it in GeoRED as a PSS tool. Both the methodological workflow proposed and its progressive implementation and testing indicate that it is possible to integrate tools used to facilitate collaboration, analysis, and decision-making and provide the feedback-iteration-consensus tools that distinguish geodesign processes. RQ2 asks whether it is possible to harmonize the treatment of GI in HVTL projects and integrate the GI life cycle into the geodesign workflow. Applying the feedback-iteration-consensus technique for GI among the company's various business units has improved coordination and visibility of decision-making, responsibilities and the impact produced by these decisions on the sustainability of a project. It has also enabled the use of unified criteria in each phase, and in the transfer of GI between phases, thus harmonizing GI in the geodesign workflow and facilitating its traceability. In the implementation tests for this workflow, some exceptions detected by the business units emerged in the validation processes, indicating the need to make adjustments and to implement the workflow progressively. This is, therefore, another process of feedback-iteration-consensus that is outside the scope of the proposed workflow as a geodesign methodology, but within its implementation at the corporate level.
Conclusions and Future Works
The Spanish Electricity Transmission Network is in continual expansion; it is dynamic. This expansion is carried out through engineering projects that require planning and decision-making and involve many different agents and interests.
Nevertheless, neither the administrations nor the agencies responsible for execution (planning the transmission line infrastructures) have adequate tools with which to meet requirements, limitations, restrictions, and desires of each type of stakeholder.
REE's technicians are crucial key holders at every phase of these HVTL projects. Traditionally, these projects have been designed internally at REE (as the company is in charge of maintaining, developing, and expanding the national infrastructure). Moreover, these projects have never been publicized or promoted jointly by all stakeholders. Consequently, the dialogue has often been time-consuming, and it was impossible to access the project plans and documentation by electronic means.
GI plays a key role in developing these projects, but it should be used according to an established methodology: each layer of thematic information should be given a suitable weight and taken into account in a coherent manner, always applying it in the same manner and following the same criteria. Creating the geodesign workflow for REE's HVTL projects has made it possible to standardize the criteria for analyzing data to support decision-making, thus limiting the influence of the personal criteria of the technicians in charge and increasing the impact of the homogenous criteria established at a corporate level for each scenario. This homogenization was made possible by creating procedures and relationships between them, thus providing a solid sustainability methodology for developing these types of projects.
Using REE's HVTL geodesign workflow, the GI lifecycle of a project is subject to corporate criteria. Specific data is thus required for each phase of the models. These data must always have the same structure-as far as the format, accuracy, descriptive attributes, etc.-and the models must always perform the same established procedures. This ensures that it is always possible to access the data whenever required during the process, as stipulated by corporate definitions. This will confirm the quality of the results, since the GI workflow is managed through procedures with a standardized criteria.
Based on geodesign principles, the geodesign workflow for REE's HVTL projects provides, on the one hand, procedures for homogenizing technical criteria during every phase of the projects, and, on the other hand, a tool for collaborating with the capacity all of the project's constraints and restrictions, decision-making, and design history in a single environment; thereby constituting an environment that facilitates the feedback-iteration-consensus triad necessary for any geodesign project.
The new geodesign workflow proposed for REE's HVTLs represents a paradigm shift for these types of projects. This workflow is currently being implemented in the corporate geographic information system (GeoRED), enabling it to represent, establish collaborative scenarios and apply geoprocessing models. Currently GeoRED supports collaboration, it has the capacity to store the models to be applied in each phase, to use GI to generate project progress reports, and to produce a geographical collaboration environment and automate corporate procedures.
There is a growing interest in geolocalization in different disciplines. Each one of these disciplines is associated with its technologies, and they all share a spatial component. The way GeoRED manages contents (GI) is associated with user management. The basis of this relationship is sharing responsibility over GI with the various decision-makers in order to integrate it into a single system. Thus, by associating user profiles with content, virtual workspaces are generated for each theme or project, with a limited number of people working collaborative to find consensual solutions. These people may or may not belong to the organization; that is to say, GeoRED allows users who are not part of the organization to collaborate. This collaboration is carried out by REE's multidisciplinary teams throughout the territory that are in contact with stakeholders (central administration, local administration representing the concerns of the local population, environmental and animalist associations, or any institutions that represent the interests of the interested parties) using the virtual meeting room accessible to all of them and the iterative execution of the design cycles until participants reach a consensus.
GeoRED allows the different map services used by various interest groups to coexist simultaneously, and this sets the stage for collaboration, discussion, negotiation, and, ultimately, consensus. These are the scenarios in which geodesign is made patent.
In addition to the objective of managing all the map services necessary for a project in a single environment, GeoRED has a more specific objective as far as its functionality as a corporate GIS. This objective is to define and manage corporate geographic procedures. The intention here is to ensure that all projects are developed using the same criteria. These criteria must be decided at the corporate level in order to minimize the influence of the personal criteria of the technicians in charge in favor of corporate criteria, making the results of the projects overall more homogenous and sustainable. The HVTL geodesign workflow is a theoretical proposal that requires a GIS platform in order to become a reality. The progressive implementation of the HVTL geodesign workflow in GeoRED has enabled the capacity to represent, establish collaborative scenarios, and apply geoprocessing models in an iterative way, adjusting in each case of weightings in the territorial constraints.
As future works, the authors will continue to integrate their proposed workflow in GeoRED, so that this corporate tool will evolve toward automatically managing the traceability of project GI throughout every phase, so that GI is managed and generated in accordance with the geodesign workflow proposed for HVTL herein. The authors will also test the entire geodesign methodology and workflow in several projects, once its implementation has been completed, in order to analyze the results and finish validating it.
Finally, the authors will propose the design of another workflow based on the geodesign methodology for the HVTL maintenance phase; that is, after the installation is built and throughout its useful life, since its maintenance also has a strong spatial component. Its implementation will pose a great challenge for REE as it implies integrating two worlds that are currently isolated: project and exploitation of infrastructures. Funding: This research received no external funding.
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Appendix A
